Abstract: We provided occupational health education as training to all workers (N=31) and managers, and collaborated with them against reducing the risk of lead poisoning of workers at an assembly section in a battery manufacturing plant in Bangkok, Thailand in 2002. After occupational health education, many workers (80.6-100.0%) noticed and understood the toxicity of lead and the importance of protection against it. Many workers regularly wore long sleeved shirt and trousers, and used the appropriate mask all day long. They changed the attitude toward their work and improved personal hygiene, for example no smoking in the workplace, washing their hands by a detergent before drinking water or having lunch, and taking a bath after the work. They especially took off working clothes at an office outside the workplace and washed them everyday. The average blood lead level of the workers significantly (P=0.002) reduced from 32.7 µg/dl to 22.4 µg/dl, although airborne lead level in the workplace remained unchanged with before conditions. From these results occupational health education and collaboration between workers and managers were effective tools to reduce the risk of lead poisoning of workers in a battery manufacturing plant.
Introduction
A battery manufacturing plant is one of the leading sources of occupational lead poisoning in Thailand. Assembly sections especially have a higher risk than other sections in the battery manufacturing plant to bring workers into contact with lead from materials containing lead. From the data of our previous report 1) , the airborne lead level (area sampling) of the assembly section was between 0.156-2.617 mg/m 3 (the standard level of the Ministry of Labor and Social Welfare of Thailand 0.20 mg/m 3 ) in the years from 1999 to 2002. Geometric average of blood lead level was between 32.3-39.3 µg/dl in the years from 1998 to 2002. Workers at the assembly section had worked in contact with lead. They had lacked knowledge and /or understanding about the toxicity of lead and the protection against it. Many of them had used cotton masks as personal protective equipment, and some of them had used no mask. Thus, we suggested training or occupational health education to workers and managers focusing on knowledge, awareness and demonstration for reducing blood lead level effectively.
The objective of this research was to clarify effectiveness of occupational health education to workers and managers, and their collaboration with each other against reducing the risk of lead poisoning of workers in a battery manufacturing plant in Thailand. We sought to let the workers and the managers gain the knowledge and understand the toxicity of lead and the protection against it, and to collaborate with them for reducing blood lead level of the workers.
Materials and Methods
This research was conducted at an assembly section in a battery manufacturing plant in Bangkok, Thailand. The assembly section brings workers into stable contact with lead during their daily work, such as assembling the plates, mixture of lead oxide and sulfuric acid, to a battery cell, putting the battery cell into the cell compartment of battery case unit, sealing the poles of each cell, and closing the battery cover. Thirty-one workers were engaged at the assembly section in 2002.
Characteristics of workers were examined by an interview using a questionnaire before occupational health education. We checked knowledge on risk of contact with lead, behavior for protection against toxicity of lead, and personal hygiene by questionnaire before and after occupational health education.
Occupational health education was provided as training to all workers at the assembly section and managers of the factory for 3 h at a time. Lectures focused on the toxicity of lead and how to protect themselves from harmful properties of lead, including route to exposure to lead, signs and symptoms of lead poisoning, and personal hygiene. In addition, demonstration of wearing an appropriate mask (3M, 9322), fit testing and respiratory protection training were given as training at a meeting room of the factory. These contents of occupational health education are shown in Table 1 .
As to the collaboration, the managers were asked by the team of researchers after occupational health education to continue supporting the workers to use personal protective equipment at both the assembly section and other sections. The managers permitted the workers to join in all steps of this research. The workers willingly participated in this research and collaborated with managers on that. However, they were not obligated to use the mask (3M, 9322). They could change the mask, if they found its decreased efficacy or its defect.
The airborne lead level was measured by personal sampling as follows. Two instruments for air sampling, (1) Personal Gravimetric Pump (SKC, Aircheck samplers Model 224-PCXR4) of which flow rate was adjusted to 2 L/min and was calibrated by a calibrator (Gillian, Gillian Model Gilibrator-2 serial No.705-0030) and (2) filter holder containing a mixed cellulose ester membrane filter (diameter 37 mm, pore size 0.8 µm), were set together at breathing zone level of workers at the assembly section. Twenty-two samples were analyzed under NIOSH 7105 2) . The blood lead level was measured with 23 workers at the assembly section before occupational health education and with 26 workers 2 months after occupational health education. It was performed under NIOSH 8003 3) . Blood sampling was conducted by trained examiners. Samples were analyzed at the Department of Occupational Health Laboratory, Ministry of Public Health, Thailand. To minimized measurement errors, we selected the same laboratory that we had asked to analyze the blood samples since 1998.
Statistical analyses were conducted with SPSS for Windows, version 9.0. Chi-square test was used to compare the distributions of blood lead levels of workers before and after occupational health education. A paired t-test was used to compare the change in blood lead level before and after occupational health education. The correlation between airborne lead level (personal sampling) and difference in blood lead level were evaluated with Pearson's correlation. Any P values less than 0.05 were considered statistically significant.
Results

Characteristics of workers
Twenty-six (83.9%) workers at the assembly section were male. Fifteen (48.4%) were 51 yr old and more. Twenty- A record of illness Sixteen (51.6%) workers at the assembly section had personal illness, for example diabetes, allergy. Fourteen (45.2%) had a record of lead poisoning (blood lead level is more than 60 µg/dl) in the factory. Twenty-two (71.0%) had a record of lead poisoning in adjoining sections in the factory. Symptoms complained at present are shown in Table  2 . Many workers complained of weakness, fatigue of muscle, mood swings and forgetfulness.
Working conditions
All workers at the assembly section had worked for 8 h a day on the average and 5 d a week. Fourteen (45.2%) workers had worked for the years from 30 to 40.
Working environment seemed unsuitable for workers. The floor, the ceiling, tools, and machinery were dirty and not often cleaned before occupational health education. Exhaust ventilation system worked, but its efficiency seemed low. After occupational health education, working environment seemed to remain unchanged comparing with before.
Knowledge on risk of contact with lead
Interview before occupational health education proved that many workers at the assembly section had lacked knowledge and/or understanding about risk of contact with lead. Few had known about it, but the knowledge was incorrect. After occupational health education, many workers (80.6-100.0%) noticed that lead exposure in the workplace was harmful, and understood the toxicity of lead and the protection against it. Behaviors for protection against toxicity of lead Walk through survey in the workplace before occupational health education revealed that the workers had worn short sleeved shirt and that they unsuitably used cotton mask as personal protective equipment. After occupational health education, thirty (96.8%) workers were accustomed to wearing long sleeved shirt and trousers. Thirty-one (100.0%) always washed their hands before lunch and after the work. Twenty-nine (93.5%) regularly took a bath and changed dresses after the work. Thirty (96.8%) had a regular habit to use the appropriate mask (3M, 9322) all day long except pause and lunch.
Personal hygiene
From interview and walk through survey, some workers had smoked in the workplace, washed hands by water, and taken no bath after the work before occupational health education. After occupational health education, many workers changed their styles of personal hygiene, for example no smoking in the workplace, washing hands by a detergent before drinking water or having lunch, and taking a bath after the work. They took off working clothes at an office outside the workplace and washed them everyday. .
Airborne lead level in the workplace
Blood lead level of workers
Distribution of blood lead levels of workers is shown in Fig. 1 . The blood lead level before occupational health education ranged between 20-51 µg/dl (average 32.7 µg/ dl). After occupational health education, it ranged between 3-44 µg/dl (average 22.4 µg/dl). Distributions of blood lead levels of workers were significantly (Chi-square=7.274, P=0.026) different between before and after occupational health education.
We compared individually the blood lead levels before and after occupational health education with 18 workers who took the blood test twice. As shown in Table 4 , average difference in blood lead levels was -9.2 µg/dl. The blood lead level significantly (P=0.002) decreased after occupational health education. We computed the correlation between airborne lead level (personal sampling) and difference in blood lead level. Subjects (N=15) were the workers who took the blood test before and after occupational health education and the personal sampling. There was no relationship between them.
Discussion
After occupational health education was conducted with the collaboration between workers and managers, many workers (80.6-100.0%) noticed and were aware of toxicity of lead and the necessity for protection against it. They changed the attitude toward their work and improved personal hygiene. The average blood lead level of the workers reduced. Thus, occupational health education and collaboration were effective to reduce the risk of lead poisoning of workers.
As to knowledge on risk of contact with lead, all workers at the assembly section and the managers in the factory had never gotten the education about the toxicity of lead and the prevention against it. Many workers consequently had lacked knowledge and/or understanding about them. The behaviors and personal hygiene were not adequate before occupational health education. After occupational health education, many workers were noticed and understood the toxicity of lead and then changed the attitude toward their work and improved personal hygiene, for example washing their hands by a detergent before drinking water or having lunch. Same results were shown in the results of Hwang YH et al. 6) . In this research improved behaviors were observed further in some respects. They wore long sleeved shirt and trousers, quitted smoking in the workplace, and took a bath after the work. Furthermore, they took off working clothes at an office outside the workplace and washed them everyday. This behavior is pointed out as one of important ones in lead safety information 7) . The working environment at the assembly section was unsuitable for workers. Fourteen workers had a record of lead poisoning. Many workers complained of weakness, fatigue of muscle, mood swings and forgetfulness. Even after occupational health education, airborne lead level at the assembly section was between 26-603.2 µg/m 3 . These results in general corresponded to the airborne lead level at this section in our previous report (156-2,617 µg/m 3 in the years from 1998 to 2002) 1) . Because the average of airborne lead levels exceeded the Thai standard level, the working environment should be improved. In our previous report 1) , the geometric average of blood lead level was between 32.3-39.3 µg/dl in the years from 1998 to 2002. The average blood lead level in this research was 32.7 µg/dl before occupational health education and corresponded to its results. After occupational health education, the blood lead level dropped to 22.4 µg/dl. These results might come from that the workers had knowledge and / or understanding about the toxicity of lead, that they changed the attitude toward their work and improved personal hygiene, and that the managers collaborated with them. In this research, the difference in blood lead level was not associated with airborne lead level (personal sampling). Because the working environment remained unchanged comparing before occupational health education, the difference might come from the decreased exposures by routes other than inhalation, such as contamination on cloths and hands, inappropriate personal protective equipment use 8, 9) . The authors have kept in touch with the workers and the managers of the factory for these 4 yr. This has lead to our reliable relationship to them. The authors could consequently provide the occupational health education and collaborate with them in this research.
Occupational health education and collaboration between workers and managers were effective to reduce the blood lead level of workers as a whole. This indicates the importance of occupational health education and collaboration in protecting the toxicity of lead. Few workers, however, had still not changed the attitude toward their work, for example some had not taken a bath and changed dresses after the work. Occupational health education and training are fundamental tools in the prevention of occupational diseases 10) , but one occupational health education has the limit. Occupational health education should be repeated at least every 6 months or annually for workers.
To make occupational health education more sufficient, collaboration of managers and/or supervisors with workers should be continued. Adequate personal hygiene is also emphasized 11, 12) . Annual intensive medical supervision is also recommended for the exposed workers to prevent occupational diseases 13) . Motivation program will be effective to make job safety analysis spontaneously by oneself 14) . Finally, we would like to emphasize that occupational health education and collaboration may be more important than engineering control of working environment in the developing countries to reduce the risk of lead poisoning in battery manufacturing plants.
